Abstract. In order to solve the reliability estimation with periodic inspection test data of products, the parameter estimation method of extreme value distribution based on interval statistic is given in this paper. The mean and variance formulas of interval statistic for the periodic inspection test data are given, the best linear unbiased estimation of extreme value distribution parameters under periodic inspection is also established, and the confidence limits of extreme value distribution percentile for the periodic inspection test data are obtained based on it.
Introduction
The type of the reliability data depends on the test plan and the inspecting method during the reliability test. Generally, the test plans includes the type-I censored plan and type-II censored plan. When the test plan contains a real-time inspection equipment, the failure time of test object can be recorded exactly; however, sometimes the periodic inspection is used during the reliability test, in which the exact failure time of products cannot be obtained, so the test result is normally expressed as periodic inspection data (grouped data). The methods dealing with the periodic inspection data from the reliability test consist of graphical estimation method and maximum likelihood estimation method, the precision of graphical estimation method is not high enough, the maximum likelihood estimation method is too complex. According to this situation, the parameter estimation method based on interval statistic is presented.
Mean and Variance of Interval Statistic for the Periodic Inspection Test Data
The specific form of the periodic inspection test data is as following: T from standard location-scale distribution are [1] :
The covariance of the interval statistic T from standard location-scale distribution are [1] :
In the equation (2), (3) and (4):
Parameter Estimation of Extreme Value Distribution Based on Interval Statistic under Periodic Inspection Basic Equations of Extreme Value Distribution for the Periodic Inspection Test Data
Suppose the periodic inspection test data derived from condition (1) come from the two-parameter Weibull distribution:
It can be transformed into the extreme value distribution: , equation (7) can be rewritten as:
, the mean and variance of interval statistic of the extreme value distribution can be obtained using equation (2), (3) and (8):
The covariance of interval statistic ( )
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, the basic equations of extreme value distribution for the periodic inspection test data can be obtained using equation (8) [ ]
The estimators of µ and σ can be solved by
In the equation (14) and (15):
In the equation (16) and (17):
It is known from Gauss-Markov theorem that the estimators μ and σ have the property of unbiased and minimum variance, their variance and covariance are: (14) and σ given by equation (15) obey asymptotic normal distribution [2] , a lot Monte Carlo simulations have also approved it. The one-sided confidence limits formulas of location parameter µ and scale parameter σ can be obtained from literature [1] .
Percentile Estimation of Extreme Value Distribution for the Periodic Inspection Test Data
The unbiased estimator of percentile
of random variable ln X T = with probability P can be obtained by equation:
The one-sided confidence upper limit and confidence lower limit with confidence γ are:
In the equation (26) and (27):
Furthermore, the confidence limits of percentage of random variable X can be estimated based on the theory that the one-sided confidence upper (lower) limit curve of percentile with confidence γ is the same as the one-sided confidence lower (upper) limit curve of percentage with confidence γ [3] .
Conclusion
(1) The mean and variance formulas of interval statistic for the periodic inspection test data are obtained based on the characteristics of the reliability test data under periodic inspection.
(2) The best linear unbiased estimation of extreme value distribution parameters for the periodic inspection test data is established.
(3) The confidence limits of extreme value distribution percentile for the periodic inspection test data are given.
